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rg6o.-Fluid was collected by micropuncture from individual renal tubules of anesthetized rats and its pH determined with the quinhydrone microelectrode.
The single glomerular sample and early proximal fluid were isohydric with arterial blood, but later proximal fluid usually showed progressive acidification.
The maximum proximal fall in pH was 0.43 u in nondiuretic rats, 0.56 u during profuse glucose or mannitol diuresis, and 0.78 IT in rats previously loaded with ammonium chloride and undergoing glucose diuresis. Fluid from the early distal convolution was usually acidified relative to arterial blood but was not significantly different from late proximal fluid. Progressive acidification probably also occurred in the distal convolution. The pH decreased further in the collecting ducts, much more so in the nondiuretic state than during diuresis. The quantitative importance of proximal reabsorption of HCO, and, by inference, H+ secretion is emphasized. It is suggested that the pH of tubular fluid may increase in the thin descending limb of the loop of Henle, especially in a kidney elaborating a concentrated urine, because of increased concentration of HCO,.
M ONTGOMERY AND PIERCE (I, 2) with the above carbon dioxide-air mixture was measured in a similar fashion, and the pH of arterial blood obtained at the end of the experiment was determined at 37OC with a glass electrode. Subsequently the kidneys were macerated, the punctured tubules isolated, the site of puncture identified and the appropriate measurements of tubular length made as previously described (I I). The proximal tubule is considered to extend from the glomerulus to the thin segment of the loop of Henle; the distal convolution, from the macula densa to its junction with No fluids were given during the experiments except for the small amounts required for anesthesia. Fluid from Bowman's capsule and the early proximal tubule had the same pH as-arterial blood, but beyond this point proximal fluid usually became progressively more acidic. The greatest drop in pH relative to arterial blood ( -ApH) of proximal fluid was 0.43 u. The last one-third of the proximal tubule, the pars recta, is not accessible to micropuncture, as it extends deep into the kidney.
All the distal samples except two from the early distal convolution were acidified relative to arterial blood but were little or no more acidic than samples from the late proximal convolution.
The most acidic distal sample was collected from the end of the convolution and had a ApH of -0.5 U. Ureteral urine had an average ApH of -I .56 u (range 0.83-1 .g5). Accordingly, the greatest fall in pH, approximately I u, occurred beyond the distal convolution in the nondiuretic animals, i.e. in the collecting ducts. These nine rats had a mild respiratory alkalosis, presumably the result of a light plane of anesthesia, as indicated by an average arterial pH of 7.5 I (range 7.46-7.56), and an average arterial pCOz, in five, of 31 mm Hg (range 25-37 mm Hg). The pCO2 was not measured in the other four animals. Glucose and mannitol diuresis. Nine rats were made markedly diuretic by the intravenous infusion of 25 % solutions of either glucose or mannitol at 0.085 ml/min. Six animals were infused with glucose and three with mannitol.
The does not necessarily mean that there was greater H+ secretion or HCO, reabsorption in the diuretic animals. If one assumes that the pCOz of proximal fluid equals that of the cortical interstitial fluid, and that the filtered loads are equal in the two cases, then the same total proximal reabsorption of HCO_ will lead to a lower [HCOF] in the diuretic animals because of the increase in volume of proximal fluid related to unreabsorbed glucose or mannitol.
Nor does the maximum ApH of -0.78 u in the acidotic rats necessarily indicate increased proximal HCOy reabsorption. This is evident from the titration curve of HC03 at constant pCOz shown in figure 4 (I 9). The reduction in plasma [HCO,] in metabolic acidosis leads to a reduced filtered HCOy load, and reabsorption consequently operates at a lower and steeper part of the titration curve. Therefore, at a very low [HCOF] , as in our acidotic rats, equivalent HC03 reabsorption leads to a much greater decrease in pH than at a high [HCOJ.
Indeed is not known, and countercurrent diffusion between the ascending and descending vasa recta should operate to magnify any differences between the cortical and medullary pCOz levels; hence in the absence of direct information on both pCOe and [HCOJ at the tip of the loop, the actual relations must remain a matter of speculation.
It seems likely, however, that the fluid will tend to become more alkaline toward the tip of the loop and approach the isohydric value under conditions of normal acid-base balance. The relatively high pH of early distal fluid in our nondiuretic rats suggests that this is the case. Several pH determinations (unpublished observations) on fluid from near the bend of the loop of Henle in the hamster papilla are consistent with this hypothesis.
In addition, it is conceivable that Na+: H+ exchange in the medullary collecting ducts may result in a locally high interstitial concentration of HCOr, and diffusion of this ion into the lumen of the thin descending limb (assuming some permeability to HC03 as well as Na+ and Cl-) would contribute to the increase in pH.
Distal convolution. The small number and variability of pH measurements on fluid from the distal convolution make conclusions about the function of this segment hazardous.
The majority of the observations were made in nondiuretic rats, and in this group the pH of fluid from the early distal convolution was often higher and certainly no lower than that from the end of the proximal convolution.
Fluid from the late distal convolution usually had a slightly lower pH, but the differences between early and late distal samples are small and not statistically significant. Again, if one assumes equality of tubular and interstitial pCOz, reabsorption of water in the distal convolution in the presence of antidiuretic hormone (13, 20) should, in the absence of other changes, lead to an increase in pH. That no such rise in pH was observed suggests that Na+: H+ exchange continues in the distal convolution.
The greatest variation in pH in the distal convolution was observed during glucose and mannitol diuresis. This perhaps is not surprising because the degree of osmotic diuresis was severe, and under these circumstances individual variation in total tubular function in different nephrons might be more apparent. Unfortunately, no late distal samples were obtained in this group.
Collecting ducts. It is clear that the greatest decrease fall in pH indicates that the [HCOF] decreases from about 25 to IO mM/l., it follows that no more than I o % of the filtered HCOT remains in the fluid at the end of the proximal tubule. Unless there is direct reabsorption of HC03, this is presumably secondary to Na+: H+ exchange. The overwhelming dominance of the proximal tubule in H+ secretion is most evident in the nondiuretic state, but the same considerations apply during osmotic diuresis.
For reasons we have discussed above, it seems likely that the process of H+ secretion (i.e. Na+: H+ exchange) continues in the distal convolution, but the contribution of this portion of the nephron is probably much less than that of the proximal tubule because of the smaller buffer load presented to it. Likewise, although in the nondiuretic state the greatest fall in pH appears to occur in the collecting duct, the contribution of this segment to HCO, reabsorption, and probably to total H+ secretion > is even less than that of the distal convolution. The volume of fluid presented to this segment is small; hence a relatively low rate of secretion of H+ could produce a large fall in pH. The presence of phosphate and other buffers in relatively high concentration in the collecting ducts may increase their H+ secretion, but this contribution is probably still small compared to that of the HCO, buffer reabsorbed in more proximal I portions of the nephron.
